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ABSTRACT 
Stadig, Eric R. M.S., Purdue University, May 2016. Evaluating Trap Design for Capture 
of Amphipods in Western Lake Erie. Major Professor: Robert B. Gillespie. 
 
 
 
Comprehensive early detection monitoring programs for aquatic invasive fishes, 
bivalves & select benthic macroinvertebrates are currently being conducted throughout the 
Laurentian Great Lakes. To improve the sampling efficiency of survey efforts, we 
evaluated three amphipod trap types. These included two novel designs and one previously 
published design set in four treatment configurations; light, bait, light & bait combined, 
and neither light nor bait. Using two experimental designs, our objectives were to 
determine which trap and treatment had the greatest capture efficiency. Samples were 
collected Maumee Bay of western Lake Erie during 2015 in collaboration with biologists 
of the U.S. Fish and Wildlife Service. A total of 4,237 amphipods were identified among 
6 amphipod species; no new species of non-native amphipods were discovered. Using light 
at 105 lumens in our amphipod traps may significantly increase catch per hour of 
amphipods. However, we determined that there was no significant differences in amphipod 
capture efficiencies among our three trap types. Additionally, our study found that the non-
native Echinogammarus ischnus may be the dominant amphipod species in Maumee Bay. 
The traps and potential attractants used in this study were effective for rapid surveys of 
x 
 
amphipods. This research may help managers evaluate survey efforts and improve 
sampling efficacy of amphipod species. 
. 
1 
INTRODUCTION 
According to Great Lakes Aquatic Nonindigenous Species Information System 
(GLANSIS 2015), at least 180 non-native species have established and were self-sustaining 
in this Great Lakes System. Several of these species have caused negative biological and 
economic impacts in the Great Lakes (Grigorovich, et al. 2003, Lodge, et al 1998 and 
Munawar, et al. 2005). Some of these species include zebra and quagga mussels (Dreissena 
polymorpha and D. rostriformis bugensis, respectively), round goby (Neogobius 
melanostomus), red swamp crayfish (Procambarus clarkii), and Ponto-Caspian amphipods 
(Echinogammarus ischnus) (Cristescu, et al 2004, Grigorovich, et al 2003, Kehayias, et al 
2004, Mills, et al. 1999, Ryan, et al. 2003).  Most of these species, with the exception 
Procambarus clarkii originate from the Black, Azov, and Caspian Sea drainages. This 
donor region accounts for the origins for most of the aquatic invasive species now 
established in the Great Lakes (Mills, et al 1993, Ricciardi and MacIsaac, 2000). 
Grigorovich, et al. (2003) noted that areas, such as Western Lake Erie and Toledo, 
Ohio are likely introduction hotspots of future invaders within the Great Lakes. These 
introductions are a result of maritime shipping throughout the region via ballast water 
exchange and propagule pressure (Grigorovich, et al. 2005, Lodge, et al. 1998). Ricciardi 
(2000) illustrated that invasive dreissenid mussels may support additional Ponto-Caspian 
amphipod abundances and potential future invaders. These species could 
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include Dikerogammarus villosus (the “killer shrimp”), Obesogammarus obesus, and 
Gmelinoides fasciatus (Grigorovich, et al. 2003, Hensler, et al. 2014, Lodge, et al. 1998, 
Pagnucco, et al. 2014). 
Amphipods are an important trophic link to the Great Lakes ecosystem. Both native 
and non-native species are found throughout the Great Lakes lacustrine and riverine 
systems (Ricciardi and MacIsaac 2000, Witt, et al. 1997) and are important prey source for 
a multitude of fishes (Nelson 1979, Witt, et. al 1997). Over the past decade, the Great Lakes 
including Lake Erie, have had declines in the native amphipod, Diporeia hoyi (Hoyle, et al 
1999). Hoyle, et al 1999 noted that these declines have resulted in changes in native fish 
condition and abundance. Some authors perceive dreissenids that invade the Great Lakes 
to facilitate both non-native amphipods and potentially other invasive species such as round 
goby (Ricciardi 2001, Witt, et al 1997). Diggins, et al. (2002) noted that non-native 
amphipods such as Echinogammarus ischnus, which favors dreissenid mussel beds as 
habitat, are a preferred prey choice of the invasive round goby, potentially making gobies 
more fit.  Because amphipods play a critical role in the ecosystem dynamics of both pelagic 
or nearshore habitats, non-native amphipods may continue to have adverse effects on the 
Lake Erie ecosystem (Hoyle, et al 1999, Kipp, et al. 2015, Ricciardi and MacIsaac 2000, 
van Overdijk 2003, Witt, et al. 1997).   
Portions of the Great Lakes nearshore habitat have seen displacement of native 
amphipods by invasive non-native amphipods. Gammarus tigrinus, a non-native from the 
Atlantic coast, and E. ischnus, have displaced Great Lakes natives such as G. 
pseudolimnaeus and G. fasciatus (Duggan and Francoeur 2007, Kipp, et al. 2015).  These 
interspecific interactions have resulted in species replacement and may have altered of 
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nearshore food webs (van Overdijk 2003, Witt 1997).  Duggan and Francoeur (2007) 
documented these effects in western Lake Erie where E. ischnus was the only species of 
amphipod at sites dominated by invasive dreissenid mussels. 
Published studies relating to the specific capture methodology of native and non-
native amphipods are uncommon. Some research implies that amphipods can be captured 
using olfactory and visual potential attractants within sampling traps. Although some of 
these publications did not evaluate their trap designs against a control, these articles are 
still valuable. Michel et al. (2010) targeted Mediterranean coastal amphipods using three 
different sampling methods and found their light trap collected the greatest species 
diversity. Kobayashi et al. (2012) used customized translucent plastic traps to capture 
Hirondellea gigas by exploiting the species olfactory sense using sliced mackerel as bait. 
Their traps had an effective catch rate of 74 amphipods / h.  Constable and Fielding (2011) 
targeted invasive Dikerogammarus villosus in the United Kingdom using a modified Gee 
minnow trap baited with fish-based products and cat food. This combination successfully 
captured multiple amphipod species, including the target invasive species. Although these 
publications provide potentially effective trap and attractant combinations, they do not 
identify the best trap design and/or attractant for native and non-native amphipods.  
The goal of this thesis research was to determine what the best trap type or attractant 
to capture amphipods. The U.S. Fish and Wildlife Service, our collaborative partner, goal 
with this research is capturing the greatest number of species for purposes of their early 
detection monitoring program of non-native species. Our research questions were a.) does 
catch-per-unit-effort (CPUE) differ among three amphipod trap types? (b.) does the 
addition of light and/or bait to traps improve catch efficiency of traps? We evaluated a 
4 
Constable and Fielding trap (CFUK), a modified Gee minnow trap (Hensler-Hutton-Stadig; 
HHS), and a customized polyvinyl chloride (PVC) trap by combining trap types and 
attractants (bait and/or light) in two separate study designs.
5 
METHODS 
Experimental Design 
Our overall experimental design was to test the ability of three trap and two 
potential attractants to capture amphipods. Traps were fished in multiple configurations in 
two study designs to determine the best combination of trap/potential attractant for 
capturing amphipods in the western basin of Lake Erie .In both study designs, three trap 
types and four potential attractant combinations were assessed for their ability to capture 
native and non-native species of amphipods.  
 
Study Site 
Our study sites were located in Maumee Bay of western Lake Erie in the vicinity 
of Toledo, Ohio. This study area comprised roughly 45 km² of Maumee Bay including both 
the last 2.5 km of the Maumee River and portions of the Port of Toledo. Individual 
sampling locations (n=20) were selected randomly both spatially and temporally across 
three depth strata (0-0.9 m, 1.0-1.9 m, ≥2.0- m; Figure 1). These sites were created from 
the USFWS Python site selection software package (Thomas, et al. 2010) that uses a 
random tessellation spatial design model (Stevens and Olson 2004). Previous amphipod 
studies near our study site in Maumee Bay have captured both native and non-native
6 
species, Gammarus fasciatus and Echinogammarus ischnus respectively (Bay Shore Power 
Plant Report 2008, Duggan and Francouer 2007).   
 
Trap Designs 
The Hensler-Hutton-Stadig (HHS) trap is a modified version of a standard Gee 
minnow trap, 0.42-m-body with a 0.23-m-diameter. A single layer of 243 µm Nitex mesh 
was wrapped around the trap attached with waterproof adhesive and rubber-bands. A 
rubber gasket (17-mm-diameter) was sewn on either end for the entrance points to the trap. 
This size was to deter organisms larger than adult amphipods from entering the trap (Figure 
2).  
The CFUK trap was modeled after a design published by Constable and Fielding 
(2011). The trap design involves insertion of cobble or rock into half of a standard Gee 
minnow trap. Constable and Fielding’s version had varying mesh basket size (3-5 mm) 
with a 5mm x 7mm mesh top entrance for amphipods (Drew Constable per comm. 2015). 
Our modified trap version had a top that was covered with 6.4 mm multifilament mesh. 
We also placed an additional layer of 243µm plankton mesh around the trap steel wire to 
prevent escape by smaller amphipods from the sides and to reduce the amount of by-catch 
of non-amphipod species. The CFUK was attached to a mother line with a snap/swivel and 
was intended to sit vertically in the water column (Figure 2).  The other trap types were set 
horizontally.   
The PVC trap was made of non-translucent polyvinyl chloride pipe. The body is 
50.8 cm with a 10.16cm diameter.  The top of the cylinder was perforated with numerous 
7.94 mm holes for amphipods to enter. The trap was attached to the mother line via 
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snap/swivel on the end portion of the trap. The size of the holes was thought to be large 
enough for most adult amphipods yet, small enough to reduce by-catch. Because of the 
non-translucent material of the PVC, we tried to maximize the amount of illumination that 
these entrance points could provide. To improve light scattering and maximize light 
intensity, we mounted the light source at the end of the PVC base and foil was attached at 
the end cap opposite the flashlight to reflect light back throughout the trap (Figure 2).  
 
Potential Attractants 
We used a Fenix flashlight, model LD-22, set at 105 lumens as our light attractant 
(Figure 3). This light was placed directly in the CFUK and HHS trap, and mounted 
internally in the PVC trap. This light source and setting is used by some federal agencies 
for their nighttime ichthyoplankton surveys (Greg Peterson, USEPA Duluth-MN, per 
comm. 2013; USFWS Region 3 offices of Alpena and Green Bay (Stephen Hensler and 
Greg Peterson per comm. 2015). We also noted from past field observations during 
ichthyoplankton surveys, that Energizer Lithium batteries worked best with the Fenix 
flashlights.  
We purchased preserved emerald shiners (Notropis atherinoides) sold as fishing 
bait by Magic Products, 3931 Second Street, Amherst Junction, Wisconsin 54407 to serve 
as an olfactory attractant. (Figure 3). We chose this product because individuals were of 
consistent size among packages (75-103 mm) and the likelihood of spreading potential 
pathogenic fish viruses was minimized. Each trap was baited with 5 whole emerald shiners.  
When traps were washed to retrieve amphipods, we transferred the bait fish to the sample 
preservation bottles. This was done to ensure capture of small amphipods that were still 
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scavenging on the bait. The bait was packaged with preservative, however, proprietary 
concerns prevented disclosure of its chemical composition.  
 
Trap Deployment 
Each set of traps were attached to a 75-m long mother line, anchored on either end, 
and fished for approximately 4-8 hours (h). The hours fished were dependent on weather 
and the ability of the crew to safely retrieve the traps. Traps were set at dusk and fished 
during the night to maximize the likelihood of capturing amphipods, which are 
predominantly nocturnal (Michel et al 2010). Each trap was individually attached to the 
mother line with a 0.3 m line attached via snap/swivel clipped from the trap (Figures 4 and 
5). Traps were placed at least three to five meters apart from each other to reduce possible 
pseudo-replication among traps.  
 
Study Designs 
During May and June 2015, study #1 assessed the catch efficiency of each trap type, 
subjected to the same attractant across Maumee Bay at twelve sites. At each site, six traps 
were attached to a mother line with two replicates for each trap type. Traps were randomly 
ordered on the mother line and equipped with the same attractant (Figure 4).  Each 
combination of trap and attractant was replicated at three sites.      
During July 2015, study #2 assessed the catch efficiency of each attractant type 
within the same trap type across Maumee Bay at nine sites. At each site, eight traps of the 
same type were attached to a mother line, and equipped with potential attractants that were 
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set in random order to provide two replicates for each attractant treatment. (Figure 5).  Each 
combination of attractant and trap was replicated at three sites.    
 
Environmental Data 
We used a Quanta Hydrolab to record temperature, specific conductivity, dissolved 
oxygen, pH, percent dissolved oxygen, and turbidity at each site.  Water depth, latitude and 
longitude was recorded using a Humminbird 1168 or a Garmin GPS instrument. When 
possible, we recorded substrate vegetation composition via Humminbird 1168 side sonar. 
Wind direction, wind speed and wave height was recorded from the daily nearshore Lake 
Erie report (NOAA) and verified while on the water.  
 
Sample Processing 
All traps were washed and concentrated through a 250μm-mesh sieve over a 5-
gallon bucket. Any spilled or excess sample was caught in the bucket and re-sieved. 
Specimens were transferred to a 500ml Nalgene wide-mouth bottle and preserved in 95% 
denatured ethanol. Enumeration and identification were completed at Indiana University-
Purdue University Fort Wayne and Purdue University-West Lafayette. Identification was 
made to the lowest taxonomic level using keys by Dobson (2012), Glendal, et al (1993), 
Holsinger (1972), Pennak (1988), Krapp-Schickel & Sorbe (2006), Myers et al. (2001), 
and Witt el al. (1997). Additionally, voucher specimens were provided by the Department 
of Invertebrate Zoology of the Smithsonian National Museum of Natural History, and were 
used to validate identifications. Some individuals were identified only to genus, such as 
Crangonyx, were counted within species richness analysis. Whereas some individuals, 
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identified as either young-of-year (YOY) or damaged, were not included in species 
richness analysis. 
 
Data Analyses 
Most statistical analyses were conducted either in R (version 3.1.2, R Core Team 
2014) or Microsoft Excel. Catch per unit effort (CPUE) was calculated as the number of 
amphipods collected per hour of fishing effort, Species composition per trap-attractant 
combination and species diversity was estimated using the Shannon-Wiener index (H’).  
Raw CPUE data were tested for normality using a Shapiro-Wilk Test and for 
homogeneity of variance using the Bartlett Test. Because CPUE data did not meet the 
assumptions for normality, nor homogeneity of variance for both study designs, they were 
transformed using a log-ratio function.  For traps that caught no amphipods, we used a 
CPUE value of (x + 0.01) as raw data for this transformation. Significant differences among 
treatments were analyzed with a two-factor Analysis of Variance (ANOVA) and Tukey 
HSD (95% family-wise confidence level, α = 0.05).  
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Figure 1: Survey sites in Maumee Bay of Western Lake Erie. These sites were selected 
randomly by the USFWS with a modified Generalized Random Tessellation Design. Red 
colored sites are Study #1 (n=11) collected May & June of 2015. White colored sites are 
Study #2 (n=9) collected in July 2015.  Individual sampling locations were selected 
randomly both spatially and temporally across three depth strata (0-0.9 m, 1.0-1.9 m, 
≥2.0- m). Satellite imagery by Google Earth 2015.  
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Figure 2: Our Three Trap Designs: Published (2011) Constable & Fielding United 
Kingdom trap (CFUK) w/ modifications; the polyvinyl chloride trap (PVC) and the 
Hensler-Hutton-Stadig (HHS) modified Gee minnow trap. 
 
 
 
Figure 3: Potential olfactory and visual attractants used in the studies: preserved emerald 
shiners (Notropis atherinoides) from Magic Bait Products and Fenix Flashlight, Model 
LD-22, set at 105 lumens. 
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Figure 4: An example set from study #1 mixed trap experimental design set in May and 
June 2015 with light as a potential attractant. Trap Types are Hensler-Hutton-Stadig 
(HHS), Constable & Fielding (CFUK), and PVC.  
 
 
 
Figure 5: An example set from study #2 mixed attractant experimental design set in July 
with Hensler-Hutton-Stadig (HHS) trap type. 
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RESULTS 
Study #1 
A total of 3,883 amphipods were captured and identified. Additionally, 65 young-
of-year (YOY) and 41 damaged amphipods were collected. The trap/attractant combination 
CFUK-L had the greatest mean Catch-Per-Unit-Effort, CPUE, (29.5 ± 52.47 
amphipods/hour, 6 replicates), while PVC-NLNB had the lowest mean CPUE (0.34 ± 0.17 
amphipods/hour, 6 replicates; Table 1).  There was no significant differences with CPUE 
among the trap types (ANOVA; p = 0.190; Table 2). However, there were significant 
differences for CPUE with potential attractants (ANOVA; p = < 0.01, Table 2). Traps with 
only light as an attractant had significantly greater CPUE than those without (p = <0.001; 
Figure 6).  There were no significant interactive effects among the trap type and attractants 
(p = 0.944). 
The most abundant taxon was E. ischnus that comprise approximately 80% all 
amphipods identified. Gammarus fasciatus was the second most abundant taxon captured 
(~18%). The relative abundance of native G. fasciatus and non-native E. ischnus in each 
trap was negatively correlated (R2 value = 0.9858, p=<0.001; Figure 7). When light was 
the attractant, at least 62 % of the total catch comprised E. ischnus. When light was absent, 
at least 70% of the total catch comprised G. fasciatus. 
15 
 
The greatest species richness was captured by CFUK-L and HHS-NLNB (5 
amphipod species ea; Figure 8). The highest diversity (H’) was captured by CFUK-LB and 
the least diversity was captured by CFUK-L (H’=0.84 and 0.08 respectively; Table 1).  This 
low diversity value was due to the numerical dominance (97%) of E. ischnus. Although 
dominated by G. fasciatus, (74%), the higher diversity captured by the HHS-NLNB (H’= 
0.83) came from an assemblage of 5 species among 51 amphipods with greater evenness.  
Rare species captured by light only were G. pseudolimnaeus (n = 1, HHS-L) and 
Crangonyx sp. (n = 1, CFUK-L). Rare species captured by both light and non-lighted traps 
were G. tigrinus (n =4, CFUK-L; n= 1, HHS-NLNB); and H. azteca (n= 2, CFUK-NLNB; 
n= 1, HHS-L; n= 1, HHS-LB; n= 1, HHS-NLNB).  
 
Study #2 
A total of 238 amphipods were captured and identified in the second experiment.  
Additionally, 18 YOY and 16 damaged amphipods were collected. The trap/attractant 
combination PVC-L had the greatest mean CPUE (1.65 ± 2.19 amphipods/hour, 6 
replicates), while PVC-B had the lowest mean CPUE (0.29 ± 0.28 amphipods/hour, 6 
replicates; Table 3). There were no significant differences in CPUE among trap types 
(ANOVA; p = 0.504; Figure 9) or attractants (ANOVA; p = 0.262; Figure 10). Additionally, 
there were no significant interactive effects between trap type and attractants (p = 0.944). 
The most abundant taxon was E. ischnus that comprised approximately 76% of all 
amphipods identified. Gammarus fasciatus was the second most abundant taxa captured 
comprising approximately 9.5% of amphipods identified. The relative abundance of native 
G. fasciatus and non-native E. ischnus were negatively correlated (R2 value = 0.646, 
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p=<0.001; Figure 11). Echinogammarus ischnus was the most abundant species in every 
trap / attractant combination. With the exception of CFUK-NLNB (~31%), G. fasciatus 
total relative abundance was fewer than 15% for all trap / attractant combinations.  
The greatest species richness was captured by CFUK-NLNB (4 species), followed 
by HHS-LB and PVC-NLNB (3 species; Figure 12). The highest diversity (H’) was 
captured by CFUK-NLNB (H’=1.33) and the least diversity was captured by CFUK-L 
(H’= 0.00; Table 3). Rare species captured without light included G. tigrinus (n= 1, CFUK-
NLNB); H. azteca (n=1, CFUK-NLNB; n= 1, PVC-NLNB). There were 18 trap sets that 
captured no amphipods. 
 
Table 1: Study #1 Summary of Total Abundance, CPUE, Species Richness and Species 
Diversity (H’). CPUE and Species Richness with ± 1 SD.   
 
Trap Type / 
Attractant  
Amphipod 
Abundance  CPUE (Amp / h)  
Species 
Richness  
Species 
Diversity (H') 
CFUK-L 2132 29.5 ± 52.47 4.0 ± 1.39 0.08 
HHS-L 367 16.75 ± 17.5 5.0 ± 1.73 0.54 
PVC-L 1099 7.7 ± 12.24 3.0 ± 0.58 0.76 
CFUK-B 43 1.09 ± 0.84 3.0 ± 1.03 0.74 
HHS-B 36 0.96 ± 0.99 3.0 ± 1.15 0.53 
PVC-B 10 0.49 ± 0.27 2.0 ± 0.58 0.33 
CFUK-LB 31 1.2 ± 0.91 3.0 ± 1.69 0.84 
HHS-LB 50 2.69 ± 3.74 3.0 ± 1.0 0.57 
PVC-LB 31 2.02 ± 2.91  2.0 ± 0.58 0.14 
CFUK-NLNB 43 0.58 ± 0.4 4.0 ± 1.15 0.82 
HHS-NLNB 51 0.94 ± 0.78 5.0 ± 1.41 0.83 
PVC-NLNB 7 0.34 ± 0.17 2.0 ± 0.71 0.41 
 
17 
 
Table 2: Study #1 two-factor analysis of variance (ANOVA) summary with transformed 
catch-per-unit-effort (amphipods / hour) data. 
 
 Df Sum Sq. Mean Sq F F-value Pr (>F) 
Trap Design 2 5.64 2.82 1.685 0.190 
Treatment 3 97.69 32.56 19.468 2.92e-10*** 
Trap : Treatment 6 2.85 0.47 0.284 0.944 
 
 
Table 3: Study #2 Summary of Total Abundance, CPUE, Species Richness and Species 
Diversity (H’). CPUE and Species Richness with ± 1 SD.  
Trap Type / 
Attractant 
Amphipod 
Abundance 
 
CPUE (Amp / h) 
Species 
Richness 
Species 
Diversity (H') 
CFUK-L 7 0.5 ± 0.45 0.5 ± 0.55 0.80 
HHS-L 18 0.79 ± 0.73  1 ± 0 0.00 
PVC-L 33 1.65 ± 2.19 0.67 ± 0.52 0.47 
CFUK-B 23 0.95 ± 1.1 0.67 ± 0.82 0.18 
HHS-B 17 0.43 ± 0.11 1.17 ± 0.41 0.92 
PVC-B 7 0.29 ± 0.28 0.5 ± 0.55 0.80 
CFUK-LB 15 0.82 ± 0.85 0.33 ± 0.52 0.86 
HHS-LB 45 1.04 ± 1.21 1.17 ± 0.98 0.79 
PVC-LB 51 1.63 ± 1.53 1.0 ± 0.89 0.49 
CFUK-NLNB 19 0.51 ± 0.27 1.17 ± 0.98 1.33 
HHS-NLNB 17 0.61 ± 0.87 0.67 ± 0.52 0.79 
PVC-NLNB 20 0.71 ± 0.45 1.0 ± 0.89 1.11 
18 
 
 
Figure 6: Box plot of CPUE (amphipods / hour) from four treatments of potential 
attractants used in Study#1.  Treatments with different letters are significantly different 
(two factor ANOVA, Tukey HSD; p< 0.05).  
 
 
 
Figure 7: Relative abundance of native and non-native species (Gammarus fasciatus and 
Echinogammarus ischnus, respectively) for potential attractant combinations used in 
Study #1.  Each point is the mean of six replicates.  
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Figure 8: Mean species richness for Study # 1 (May / June 2015) for trap design / 
potential attractant combinations (six replicates +/- 1SD). 
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Figure 9: Box plot of CPUE (amphipods / hour) from three trap types used in Study # 2.  
Treatments with different letters are significantly different (two factor ANOVA, Tukey 
HSD; p > 0.05). 
 
 
Figure 10: Box plot of CPUE (amphipods / hour) from four treatments of potential 
attractants used in Study#2.  Treatments with different letters are significantly different 
(two factor ANOVA, Tukey HSD; p > 0.05). 
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Figure 11: Relative abundance of native and non-native species (Gammarus fasciatus and 
Echinogammarus ischnus, respectively) for potential attractant combinations used in 
Study #2.  Each point is the mean of six replicates. 
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Figure 12: Mean species richness for Study # 2 (July 2015) for trap design / potential 
attractant combinations (six replicates +/- 1SD). 
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DISCUSSION 
Our results suggest that amphipod capture efficiency does not vary among trap 
designs. However, traps with light attractant had a significantly greater CPUE than those 
with other potential attractants. We also found that Echinogammarus ischnus seemed to 
have a strong affinity to traps with solely light as a potential attractant, while Gammarus 
fasciatus were potentially attracted to traps without light, but with bait. Therefore, a 
combination of trap and attractants could be used for amphipod surveys to increase the 
capture success of both non-native and native species within western Lake Erie.  
The lower number of amphipods caught, and lack of statistical relationship between 
trap combination and CPUE in Study #2 may be explained by several variables. A few days 
prior to the start of study #2, the Maumee River experienced two flood events; one of record 
proportion (Figure 13, USGS 2015). After that event, the Maumee River was near bank 
full during approximately 80% of the nights sampled. Moreover, during four of the 
sampling nights we encountered wind speeds of at least 15 knots that caused wave heights 
of at least two feet (NOAA 2015). These weather conditions may have compromised trap 
capture efficiency.  
We hypothesize that amphipod size may have played a role in the difference of 
amphipod numbers captured between Study #1 and Study #2. We analyzed amphipod 
length (± 5mm) and found no definitive relationships between capture length for either 
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study of specific trap type or attractants. However, the proportion of amphipods that were 
longer than 5mm was greater in Study #2 (86%) than that in Study #1 (33%). During the 
weather events of study #2, these smaller amphipods may have been less active and, thus 
less susceptible to capture by our passive traps. Therefore, under ideal sampling conditions, 
Study # 1 may be a more representative survey of average length proportions.  
  Although this research was not designed to study direct interspecific competition 
between amphipods, it did provide evidence of a possible negative relationship between E. 
ischnus and G. fasciatus. Van Overdijk, et al. (2003) found a similar negative relationship 
in Lake Erie, but linked greater relative abundances of E. ischnus to high densities of zebra 
mussels.  Duggan and Francoeur (2007) and Witt, et al (1997) noted that both E. ischnus 
and Dreissena mussels may have co-evolved this relationship in their native range within 
the Ponto-Caspian regions. Although, we did not directly sample the bottom composition 
during our studies, we noted a mixed benthic composition of muck, silt, sand and Dreissena 
shells within our traps. 
Amphipods in this study may have responded to environmental cues. Previous 
authors have noted that variable capture rates of amphipods may have resulted from 
behavioral responses to environmental cues. Responses, such as phototaxis, physiological 
changes due to pollutants, and avoidance of predators may have influenced their functional 
response to traps and potential attractants (Kestrup, et al. 2011, De-la-Ossa-Carretero, et al. 
2015, Phipps 1915). Native amphipods in Great Lakes, such as Gammarus fasciatus, and 
Hyalella azteca, have been found to naturally exhibit negative phototaxis, but when 
exposed to certain chemical agents, they became positively phototactic (Holmes 1901; 
Phipps 1915).  Guler and Ford (2010) noted that marine amphipods (Echinogammarus 
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marinus) infected with parasites or exposed to certain pharmacological chemicals, had 
significantly higher positive phototaxis than those of uninfected / unexposed individuals. 
Thus, there could be additional influences relating to the catch efficiency of amphipods not 
covered in our research.   
In summary, with potential invasions from non-native amphipods likely to continue 
within western Lake Erie, our research may help managers and improve sampling efficacy 
for various species. Our field experiments revealed how amphipods native and non-native 
species can be rapidly collected through the use of trap and attractant combinations such 
as E. ischnus with light as an attractant or native species without stimuli. We found non-
native E. ischnus to be the dominant amphipod species within Maumee Bay. These 
amphipods provide an important trophic link to the Lake Erie food web but these 
amphipods may be displacing native species with niche partitioning or interspecific 
competition. 
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Figure 13: Maumee River flow (cubic feet per second) from May 1 to July 30 2015.  
Amphipod sampling events are identified with asterisks on the x axis. Study # 1 occurred 
in May and June. Study # 2 occurred in July. A record flood event occurred on June 30, 
2015. Flood Stage and historical mean flow are also identified. Data from Heidelberg 
University, Tiffin, OH.
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Appendix A 
Tables 
Table 4: Study #1 summary of two-factor ANOVA with Tukey HSD from R with LN 
(CPUE) between trap design, attractants, and both. 
 
 Df Sum Sq. Mean Sq F F-value Pr (>F) 
Trap Design 2 5.64 2.82 1.685 0.190 
Treatment 3 97.69 32.56 19.468 2.92e-10*** 
Trap : Treatment 6 2.85 0.47 0.284 0.944 
 
 
Table 5:  Study # 1 results of Loge CPUE two-factor ANOVA with Tukey HSD with 
significance differences (α =0.05) between trap-light treatment. 
 
Trap abb. with Treatment Interaction diff lwr Upr P adj 
HHS-Light vs. HHS-Bait 2.239 0.395 4.083 <0.01 
HHS-Light vs. HHS-No Light / No Bait -2.171 -3.833 -0.509 <0.01 
HHS-Light vs. CFUK-Bait 2.076 0.162 3.990 <0.05 
HHS-Light vs. CFUK-Light / Bait -1.897 -3.644 -0.158 <0.05 
HHS-Light vs. CFUK-No Light/ No Bait -2.554 -4.092 -1.016 <0.001 
HHS-Light vs. PVC-Bait 2.774 0.668 4.880 <0.01 
CFUK-Light vs. PVC-Bait 2.103 0.037 4.169 <0.05 
CFUK-Light vs. PVC-No Light/ No Bait -2.388 -4.454 -0.399 <0.01 
CFUK-Light vs. CFUK- No Light / No Bait -1.908 -3.391 -0.424 <0.01 
PVC-Light vs. CFUK- No Light / No Bait  -1.805 -3.415 -0.196 <0.05 
PVC-Light vs. PVC- No Light / No Bait -2.308 -4.467 -0.148 <0.05 
PVC-Light vs. PVC- Bait 2.000 0.667 4.881 <0.01 
32 
 
Table 6: Study #2 summary of two-factor ANOVA with Tukey HSD from R with Loge 
CPUE between trap design, attractant, and both. 
 
 Df Sum Sq. Mean Sq F F-value Pr (>F) 
Trap Design 2 1.35 0.6773 0.691 0.504 
Treatment 3 3.99 1.3316 1.358 0.262 
Trap : Treatment 6 1.97 0.3279 0.334 0.917 
 
 
Table 7: Study #2 results of post hoc Tukey for Loge CPUE & attractant data. 
 
Treatment within Traps Diff lwr upr P adj 
Light vs. Bait 0.6026 -0.2436 1.4488 0.2496 
Light/Bait vs. Bait 0.4336 -0.3040 1.1712 0.4169 
No Light/No Bait vs. Bait 0.3316 -0.4269 1.0901 0.6613 
Light/Bait vs. Light -0.1689 -0.9891 0.6511 0.9487 
No Light/No Bait vs. Light 0.2710 -1.1100 0.5680 0.8313 
No Light/No Bait vs. Light/Bait -0.1020 -0.8313 0.6272 0.9829 
 
 
Table 8: Dissolved oxygen (mg / L) and turbidity (NTU) from study #1. 
 
Water Quality Data 
From Study #1 
Dissolved 
Oxygen (mg/L) 
Turbidity 
(NTU) 
Mean 5.03 37.52 
Median 4.71 81.90 
Min and Max 4.04 – 6.67 8.80 – 81.90 
 
 
Table 9: Dissolved oxygen (mg / L) and turbidity (NTU) from study #2. 
 
Water Quality Data 
From Study #2 
Dissolved 
Oxygen (mg/L) 
Turbidity 
(NTU) 
Mean 4.29 57.57 
Median 3.97 58.00 
Min and Max 3.68 – 6.02 26.30 – 89.50 
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Appendix B 
Figures 
 
Figure 14: Box plot of CPUE (amphipods / hour) from three trap types used in Study#1.  
Treatments with different letters are significantly different (two factor ANOVA, Tukey 
HSD; p< 0.05). 
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Figure 15: Mean catch-per-unit-effort (CPUE) for Study # 1 (May / June 2015) for trap 
design / potential attractant combinations (six replicates +/- 1SD).  
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Figure 16: Mean catch-per-unit-effort (CPUE) for Study # 2 (July 2015) for trap design / 
potential attractant combinations (six replicates +/- 1SD). 
 
 
Figure 17: Species accumulation curve study #1 (May and June) and study # 2 (July) for 
all trap types and the potential attractants (light, bait, light-bait, and no stimuli). 
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Figure 18: Species accumulation curve for study #1 trap types Constable & Fielding 
(CFUK), Hensler-Hutton-Stadig (HHS) and Polyvinylchloride (PVC). 
 
 
 
Figure 19: Species accumulation curve for study #1 from May & June 2015 and the 
potential attractants (light, bait, light-bait, and no stimuli). 
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Appendix C 
Data Analysis from R 
 Study #1 data analysis: Using the software program R, these data were 
transformed to meet assumptions prior to the parametric testing. Before transformation, we 
did perform a shapiro-wilk normality test on both our Loge CPUE and the raw data. The results 
were W= 0.3357, p-value < 2.2e-16, and W=0.8696, p-value = 3.837e-09 respectively. 
According to Field (2009), “this test is biased by sample size, and potentially may be 
statistically significant from a normal distribution in any large samples. Thus a Q–Q plot is 
required for verification of statistically analysis in addition to the test.” Following verification 
and W values of the Shapiro-wilk normality test, we continued with analysis using the 
transformed data. We next performed a Bartlett test (homogeneity of variances) on the 
normalized CPUE data by both trap design (k-squared=0.1721, df=2, p-value=0.9176) and 
treatments (k-squared=46.7476, df=3, p-value=3.933e-10).  
 Study #2 data analysis: Using the software program R, these data were 
transformed to meet assumptions prior to the parametric testing. Before transformation, we 
did perform a shapiro-wilk normality test on both our Loge CPUE and the raw data. The results 
were W= 0.51317 p-value =9.067e-16, and W=0.93506, p-value =0.0002236 respectively. 
Following verification and W values of the Shapiro-wilk normality test, we continued with 
analysis using the transformed data. We next performed a Bartlett test (homogeneity of 
variances) on the normalized CPUE data by both trap design (k-squared=5.2902, df=2, p-
value=0.071) and treatments (k-squared=4.6313, df=3, p-value=0.2009).  
